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Corrections to the Elements of the Orbit of Juno. 

By A. M. W. Downing, M.A. 

My attention having been drawn to the large and increasing 
errors of the computed places of Juno, as given in the Nautical 
Almanac (amounting to some 3 / in geocentric longitude in 1887), 
I have endeavoured in the present paper to deduce corrections 
to the assumed elements of the orbit, so as to obtain elements 
which shall represent the observed places of the planet with 
sufficient accuracy for, I hope, some years to come. 

The observations of Juno which are discussed in this paper 
are those published in the volumes of Greenwich Observations 
from 1864 to 1887 inclusive. The discussion therefore embraces 
observations made at the Paris Observatory during the years 
1864 to 1878, as well as those made at Greenwich during the 
whole period. Le Verrier’s Tables of the Sun were first used 
in the Nautical Almanac for the year 1864, and it has been 
assumed that the tabular places of the Sun are sensibly accurate 
throughout the years with which we are here concerned. 

The first step in the discussion of the observations, both 
Greenwich and Paris, is to reduce them to a uniform system. 
That adopted for the B.A.’s is the standard system of B.A.’s 
deduced from 12-hour groups of clock-stars for 1872*0, printed 
on pp. 21 and 22 of the Introduction to the Greenwich Nine-Year 
Catalogue , and which has been used in the reduction of the 
Greenwich observations for 1878 to 1888 inclusive. For the 
years 1864 to 1869 the Greenwich R.A.’s depend on those of the 
First Seven-Year Catalogue, whilst for the years 1872 to 1877 
they depend on those of the Second Seven-Year Catalogue. 
The following table (deduced from the comparisons printed on 
page 8 of the above-mentioned Introduction) gives the cor¬ 
rections applicable to the R.A.’s observed at Greenwich during 
the specified periods to reduce them to the adopted system :— 


R.A. 

1864—1869. 

1870 

—1877. 

li h 

s 


s 

o -3 

+ 0-02 

+ 0 02 

3-6 

— 'OI 

+ 

•01 

6-9 

— '02 


•00 

9-12 

— *OI 

+ 

•01 

12-15 

•00 

+ 

•01 

15-18 

*00 

+ 

•01 

18-21 

+ ‘02 

+ 

•03 

21-24 

+ '03 

+ 

•03 


Observations made since 1878*0 require no correction. 

In the reduction of the Paris observations of It. A. a “pro¬ 
visional ” standard catalogue (constructed in 1854) was used 
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during the period 1864-1871, with different corrections each year, 
deduced from then recent observations; whilst during the period 
1872-1878 the corrections to the provisional catalogue were 
deduced from observations extending over the years 1856-1869. 
It was found, however, that the corrections given in the follow¬ 
ing table would reduce the Paris observations made throughout 
the whole period 1864-1878 to the adopted system with sensible 
accuracy:— 


h.a. 

Corr. to Paris. 

E.A. 

Corr. to Paris. 

h h 

s 

h li 

s 

o -3 

+ 0-02 

12-15 

+ OOI 

3-6 

- -oi 

15-18 

+ *02 

6-9 

— -01 

18-21 

+ *03 

9-12 

*00 

21-24 

+ 

6 


With regard to the N.P.D.’s observed at Greenwich during 
the years 1864-1882, it is necessary to correct them for the law 
for IL.-D.—viz. & + Z/ sin 2 cos 2 z, assumed during those years, so 
as to make them depend on the law a-\-b sin 2. This has been 
done by assuming that the mean Z.D. at which reflection obser¬ 
vations were made during those years (and from which, therefore, 
the values of a and V were deduced) was 25 0 , and that therefore 
b—'&xb f . It is also necessary to correct observations made 
during 1864-1876 by the quantities given in the table on 
p. 27 of the Addendum to the Introduction to the Nine-Year 
Catalogue , to reduce them to the refractions of Bessel’s Tabulae, 
and to colatitude 38° 31' 2i / '*9o. It is further necessary to 
correct observations made during 1868-1874, for errors due to 
wear in the micrometer-screws of the transit-circle, by the 
quantities given on p. 14 of the Introduction to the Nine-Year 
Catalogue . The following table gives the corrections to the 
observed N.P.D.’s corresponding to the N.P.D. of Juno , at the 
time of opposition, in the different years (exclusive of the cor¬ 
rection for wear of screws, which was applied to each individual 


observation) 

.— 





Year. 

N.P.D. 

Corr. 

Year. 

N.P.D. 

Corr. 

1864 

0 

// 

1874 

0 

a 

94 

-0-3 

94 

+ 1*2 

1865 

94 

-0-7 

vo 

00 

87 

+ IO 

1867 

86 

+ 0*3 

1877 

94 

+ 07 

1868 

92 

+ i *3 

1878 

94 

+ o-6 

1869 

95 

+ 1*2 

1880 

86 

+ 0*3 

1871 

87 

+ 1*0 

1881 

92 

+ 0*1 

1872 

90 

+ II 

1882 

95 

+ 0-2 

1873 

95 

+ i '3 





Observations made since 1883*0 require no correction. 
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The Paris observations in H.F.D. depend on the assumed 
places of standard stars taken from the corrected u provisional ” 
catalogue referred to above. From a discussion of the places of 
stars in this catalogue, situated between H.P.D. 70° and iio°, it 
was found that the following corrections were applicable to Paris 
observations, between these limits of N.P.D., made during the 
period 1864-1878, to reduce them to the adopted system of 
N.P.D.’s:— 


B.A. 

Corr. to Paris. 

R.A. 

Corr. to Paris. 

li h 

// 

h h 

// 

0-3 

+ 0-4 

12-15 

+ 0*4 

3-6 

+ o -3 

15-18 

+ o*6 

6-9 

+ 0 2 

18-21 

+ 07 

9-12 

+ 0'2 

21-24 

+o'5 


The publication of Paris observations of minor planets in the 
volumes of Greenwich Observations was intermitted after 1879; 
and there are no Paris observations of Juno printed in the 
Greenwich volumes after 1878. 

The requisite corrections, deduced from those given in the 
foregoing tables, have been applied to the quantities given in the 
section “Errors of the Tabular Heliocentric Places of the 
Planets,” printed in successive volumes of Greenwich Observa¬ 
tions. The corrected equations connecting the error of tabular 
heliocentric longitude (SZ), the error of tabular heliocentric 
ecliptic north polar distance (8&), and the error of projected 
radius vector of Juno ( 8 p) are given below, together with the 
mean dates of the groups from which the normal places have 
been formed, and the number of observations in each group. 


*0. 

Mean Date. 


Equations. 



No. of 
Qbs. 

I 

1864 June 10 


844= + 14625^ 

' + 3I02' / fy>, 

W ! = + 

0*04— 6546''5 p 5 

2 

25 

- 

875= +1418 

+11728 

= _ 

040— 6294 

5 

3 

July 6 

- 

684= + 1*360 

+ 16835 

= - 

016— 5862 

2 

4 

1865 Sept. 2 

- 

27*31 = +1*769 

- 9819 

= - 

3*98- 1756 

4 

5 

13 

- 

27*10= +1*788 

+ 6490 

= - 

475- 892 

8 

6 

27 

- 

25*83= +1*729 

+ 27421 

= - 

4*35+ 335 

8 

7 

1867 Mar. 1 

- 

2247= +i*574 

- 3316 

= + 

47i+ 1354 

5 

8 

27 

— 

22-57= +1477 

+18293 

= + 

3*70+ 375 

5 

9 

1868 May 7 

- 

1689= +1436 

- 3383 

= + 

i*93- 5377 

. 1 

0 

17 

- 

15*70= -h 1441 

+ 2288 

= + 

i*97- 5480 

4 

1 

25 

— 

16-56= + 1426 

+ 6730 

- + 

1*21- 5442 

. 4 

2 

June 6 

- 

16-32= +I-379 

+ 12640 

= + 

I 36— 5186 

4 

3 

1869 July 17 

- 

31-16= +1*573 

— 8243 

= _ 

366- 7444 

. 4 

4 

29 

- 

3173= +1-594 

+ 4905 

= - 

3'iS-v 7435 

4 

5 

Aug. s 

- 

3045= +1*583 

+ 9421 

= - 

353- 7283 

3 


p p 
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L. 8 , 

No. 

Mean Date. 

Equations. 

m 

0 

l6 

1869 Aug. 13 

- 2949=.+ 1-549$/' 

'+16597"*?, 

= - 449- 6974"§p 

17 

1871 Jan. 26 

- 59 * 94 = + 1787 

+ 9813 

= + 789+12476 

18 

Feb. 13 

- 6o-i6= -H’633 

+ 32398 

= + 947 + 10027 

19 

1872 Apr. 19 

- 26-53=4-1450 

- 1293 

= + 3*32- 4220 

20 

May 4 

— 27-55 = + i * 4 2 6 

+ 7937 

= + 4*18— 4272 

21 

1873 June 23 

- 35-61 =+1-500 

- 1686 

= - 1 * 49 “ 7297 

22 

July 17 

- 32-43=4-1-446 

+14526 

= - 0 * 94 “ 6938 

23 

1874 Nov. 12 

-132*25= +2 004 

+ 17358 

= —10-79+19646 

24 

1876 Mar. 30 

- 43*45 =+1-492 

+ 2164 

= + 7*65 - 2284 

25 

Apr. 19 

- 41*45=4-1-420 

+14570 

= + 7-67- 2445 

26 

1877 June 4 

- 41-02= 4-1457 

+ 2059 

= + 1-15- 6338 

27 

22 

- 38-80=+1406 

+12450 

= + o-88— 6049 

28 

1878 Aug. 23 

_ 93-16=+1*722 

~ 7613 

= -11-79- 4033 

29 

Sept. 5 

- 94-60= +1729 

+ 9874 

= -13-78- 3296 

3 ° 

21 

— 90-04=+ 1*637 

+ 29940 

= -1369- 2138 

3 i 

1880 Feb. 18 

— 72-86=+1-609 

— 6716 

= +11-69+ 3200 

32 

Mar. 19 

— 7142= +1496 

+ 21244 

= +1249+ 1676 

33 

1881 May 12 

- 45-20= +1443 

+ 2110 

= + 446- 5276 

34 

June I 

- 45 ' 64 = + i' 38 z 

+12562 

= + 4 * 77 - 5011 

35 

1882 July 18 

- 7179 = + i'567 

- 368 

= - 5 * 53 - 7546 

36 

Aug. 13 

— 69*50= +I48I 

+ 20906 

= - 746- 6794 

37 

Sept. 18 

— 55-07=+1-188 

+ 33701 

= -1019- 4053 

3 $ 

1884 Jan. 11 

—16240= + 1-868 

+12076 

= +11-98+ 17185 

39 

Feb. 17 

- 12340= + 1448 

+ 49724 

= + 14-08 + 10654 

40 

Mar. 14 

— 97-10=+1*169 

+ 48987 

= +14-18+ 5971 

41 

1885 Mar. 30 

- 5777=+ 1-426 

— 9646 

= +10-97- 3541 

42 

Apr. 20 

- 56-92=+1-457 

+ 2821 

= + 8-i8— 3959 

43 

May 2 

— 56-92=+ 1-424 

+ 9740 

= + 9*03- 3944 

44 

19 

- 51-90=+ 1-332 

+ 17066 

= + 7 82- 3628 

45 

1886 June II 

- 63-79= +1476 

- 5791 

= — 090— 6972 

46 

July 1 

- 6344= +1474 

+ 7829 

= - i* 39 - 7 oi 6 

47 

14 

_ 63-69= +I4I8 

+ 15516 

= — 2-38- 6617 

48 

1887 Oct. 14 

- 2 I 4 - 36 = + 1-958 

- 3690 

= — 23-42+ 11468 

49 

22 

-213*82= + 1*954 

+ I 35 8 4 

= -2348+ 12421 

50 

3 i 

-210-09 = + 1*901 

+ 31203 

=-23-44 f 13446 

5 i 

Nov. 16 

- I 9 I 4 I = + 1 ‘ 7 I 4 

+ 56008 

= -21-07 + 14225 

52 

28 

- 173 * 55 - + 1*542 

+ 6654O 

= —19-74+ 14028 

53 

Dec. 7 

-159-18 = +1420 

+ 69854 

= -1843 + 13511 

54 

19 

- 14748= +1-266 

+ 71960 

= -1640+12388 
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The next step is to eliminate Bp between the two equations 
corresponding to each normal date; so that we hare a single 
equation of the form 

a Bl + /? Bb -f- 7 = o, 

corresponding to each normal date. 

To express the variations of heliocentric longitude and helio¬ 
centric ecliptic north polar distance in terms of the variations of 
the elements of orbit, the following formulas have been used :— 
*7 cos ia? c , 

+ e^( 1 -£ C0S ^) S ' 

+ KSH 

— tan Bcos (l— a) M 
cos 


+ 


si / 2 \ . 

Tb (-+ tan d> cos v 1 sm v B<b, 

\cos <j> T ) T ’ 


cos 

- Bb = sin i cos (l - Q )|! cos <f> {(t - QBn + Be { 

it 


where 


sin i cos ('-“)( 1 -R2 eos S7r 

tan <p cos v | sin v B(j>. 


— sin i cos (l — g>) 5 
+ sin (l — Q ) Bi 
+ sinecos(/- q) 


cos <f> 


and 


B 

b 

a 

R 

v 

t-L 


l is the heliocentric longitude, 


„ latitude, 

„ ecliptic north polar distance, 

semi-axis major of orbit, 
radius vector of planet, 
true anomaly of planet, 
time in days from 1876, March i9 d, o 


n ’ e > 7r > t and e ( = sin (p) are the elements of the orbit. 

The required quantities have been taken from, or have been 
computed, from quantities taken from, the Nautical Almanacs of 
the different years. 

By the substitution of the values of Bl and Bb thus obtained in 
the equations of the form ctBl + fiBb + y=o, the following equations 
of condition (where = 1000 Bn), connecting the errors of the 
six elements, have been formed. The adopted weight is simply 
the number of observations on which each equation depends. 

These equations of condition have been solved by the method 
of least squares, and the subjoined normal equations formed; 
the values of the six unknown quantities derived from which 
have been substituted in the equations of condition, and the 
residuals (given in the last column) computed. 

It is to be observed that in the equations of condition the 
coefficients are logarithms, whilst in the normal equations the 
coefficients are natural numbers. 


P P 2 
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496 Mr. Downing,-The Orbit of Juno. i.'B, 

From these corrections to the assumed elements of Juno 9 
places near the time of each opposition have been computed for 
the transit at Greenwich, and from the observed errors of the 
nncorrected ephemerides (As given in the Nautical Almanacs of 
the different years) the following errors of It. A. and ihP.D, 
(given in the columns headed “ Corrected ? ’) have been formed, 
by comparing the observed and computed places, thus showing 
the errors of places computed from the corrected elements :— 


Date. 

Sou 

TJncorrected. 

Corrected. 

Sa cos 8 . 
Corrected. 

S N.P.D. 

XJneorrected. Corrected. 

1864 June 8 

s 

- 0*53 

s 

-004 

// 

— 0*6 

u 

— 1*2 

// 

— 0*2 

1865 Sept. 13 

- 3-88 

-0*12 

- 1*8 

+ 2*4 

- 0*5 

1867 Mar. I 

- 1*58 

— O '21 : 

- 32 

- 3*8 

tO'I 

1868 May 18 

- 103 

— 0*02 

- 0*3 

- 0*9 

+ 0*9 

1869 July 30 

— 2*06 

— OO4 

— o*6 

+ 2-0 

+ 0*4 

1871 Jan. 27 

— 4*oi 

— 0*l8 

- 2*7 

+ 09 

+ 17 

3872 April 21 

- I 7 S 

-0*03 

- °’5 

- 4*4 

-0*3 

1873 June 21 

— 2*26 

— 005 

— o*8 

- II 

-0*4 

1874 Nov. 13 

- 8-33 

— 0*70 

-io *5 

+ 151 

—O ’3 

1876 Mar. 31 

- 2-97 

-o*i8 

- 27 

- 6*6 

+ o*8 

1877 June 6 

— 2-6© 

-on 

- 17 

- 3-6 

— 0*2 

1878 Aug. 24 

— 625 

-013 

— 2 0 

+ I 4-5 

+ o*8 

3880 Feb. 21 

- 4‘98 

+ 0 17 

+ 2*6 

- 8*9 

+ 0*4 

1881 May 10 

— 2*93 

+ 0*09 

+ 1*4 

- 5-5 

+11 

3882 July 36 

~ 4*63 

+ 013 

+ 2-0 

+ 3'9 

-o *3 

1884 Jan. 13 

-10*15 

+ 0*22 

+ 3‘3 

+ 3'5 

+ 09 

1885 April 19 

1 

+ 0*25 

+ 3‘8 

- 8*9 

+ 2-0 

1886 June 13 

- 4*04 

+ 0*27 

+ 

— 2*2 

— 0*2 

3887 Oct. 12 

— 14*02 

+ 0*15 

+ 2*3 

+ 365 

-09 


The assumed elements of Juno , from which the Nautical 
Ai/mxjmac ephemerides during the years mentioned above have 
been computed, were deduced by Mr. Hind from observations 
made near the times of twelve oppositions from 1841-55. The 
discussion is published in the Nautical Almanac for 1859. 

An inspection of the errors exhibited in the above table will 
show that the corrected elements give a very good representation 
of the observed places during the years 1864-1887, with the 
exception of those observed in the year 1874, which give a dis¬ 
cordant result in R.A.* It will be remarked that the signs of the 

* The observed place in this ease depends on 5 accordant observations, and 
leads one to suspect an error—possibly in the application of the perturbations— 
m the ephemeris. I have made inquiries on this point, hut am informed that no 
such error can be detected. I have not, therefore, felt justified in rejecting 
this normal place. 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at colostateuniv on July 14, 2015 




18 90MNRAS. .50. .487D 


497 


June 1890. Mr. Finlay , Star-Correction Tables. 

errors of R.A. are negative in the earlier years, and positive in 
the later years, as if the mean motion required still further cor¬ 
rection. It must he pointed out, however, that the comparison 
between the observed and computed places has not been made 
with any attempt at great accuracy, but rather as a general check 
on the correctness of the work ; and that, in particular, the per¬ 
turbations have not been recomputed as, of course, they ought 
to have been had the intention been to deduce a definitive orbit of 
the planet. To that the present paper makes no pretension, the 
object being merely to deduce corrections to the assumed elements 
of the orbit so as to obtain elements sufficientlv accurate for the 
purpose of computing ephemerides for some years to come. 
And, as far as. can be seen, that object has been attained. 

My thanks are due to the Council of the Royal Society for 
a grant to defray the expenses of the computations, the results 
of which are embodied in this paper. 

Blackheath: 

1890 June 4. 


On Star-Correction Tables. By W. H. Finlay, M.A. 


The computation of star-corrections forms no small part of the 
reductions for the formation of a catalogue, as every astronomer 
who has taken part in such work knows well; so that any 
attempt to shorten the time required for these computations, 
without sacrificing accuracy or simplicity, is worthy of con¬ 
sideration. I think that this may be satisfactorily done to a 
considerable extent by tables in the following way. We have 
for any star—• 

a' — a =f+y sin (G4- a) tan $ + h sin (H + a) sec 8, 

— 8 = 1 cos 8 + g cos (Gr 4- a) + h cos (H + a) sin 5 . 

Now I put— 

P = is • ffo sin (G- + a ) tan 8, P' = y 0 cos (G- + a), 

Q = IF • K s i Q (R + a ) sec Q' - K cos (H + a) sin 


and 

I = t cos S, 

where g Q and h 0 are arbitrarily chosen constants; and I tabulate 
the values of P, Q, Q'for each degree of declination and for every 
two minutes of time. The value of P', which is independent of 
the declination, is given in a separate table for every minute (or 
smaller interval if desired) of time. 
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